Abstract. The present study aimed to further explore the molecular mechanisms of miRNA-223 in non-small cell lung cancer (NSCLC). Data prospectively collected from NSCLC patients and volunteers from March 2016 to May 2016 at Tsinghua Changgung Hospital were analyzed. Cell proliferation was measured using MTT assay, while cell apoptosis and caspase-3/9 activity were measured using flow cytometry and caspase-3/9 activity kit. Bax, EGFR, PI3K and p-Akt protein were also investigated using western blotting. The results revealed that the serum levels of miRNA-223 in NSCLC patients were downregulated. In an in vitro model, over expression of miRNA-223 induced apoptosis while reducing cell proliferation. In contrast, downregulation of the expression of miRNA-223 inhibited apoptosis whereas it increased cell proliferation. Meanwhile, overexpression of miRNA-223 suppressed the protein expression of EGFR, PI3K and p-Akt in NSCLC cells. An EGFR inhibitor promoted the anticancer effects of miRNA-223 in NSCLC cells through the EGFR/PI3K/AKT pathway. Meanwhile, a PI3K inhibitor increased the anticancer effects of miRNA-223 in NSCLC cells through the PI3K/AKT pathway. Thus, a new pathway has been identified in the present study, and application of miRNA-223 may induce the apoptosis of NSCLC through the PI3K/AKT pathway by EGFR.
Introduction
Lung cancer is a malignant tumor with the highest morbidity and mortality in the world. It is a major disease threatening human life and health (1) . The world is undergoing an increasing cancer burden (1) . This was suggested in World Cancer Reports from the International Agency for Research on Cancer (IARC) of WTO released in 2014. Lung cancer cases ranked first among all newly diagnosed cancers in 2012 (2) . This figure is approximately 1.8 million. It accounts for 13% of the total number of common cancer cases. In addition, lung cancer is also the leading cause of cancer-related mortality. This number was approximately 1.6 million in 2015, which accounted for 19.4% of the total number of deaths (2) . Of them, over 1/3 were Chinese cases (2) .
It was discovered in recent years that circulatory miRNAs can serve as disease markers (3) . This has aroused the interests of numerous scientific researchers. In particular, close attention has been paid to miRNAs as tumor diagnostic markers. miRNAs are a class of endogenous non-coding small molecule RNAs. They are highly conserved in evolution. They consist of approximately 18-23 basic groups in length (4) . miRNAs have been verified in reports to play a certain role in cancer pathogenesis, genesis and development. In addition, they exert functions that are similar to oncogenes or tumor-suppressor genes (5) .
Epidermal growth factor receptor (EGFR) is a transmembrane tyrosine kinase receptor. It is approximately 170 kb in molecular weight (6) . It consists of three parts, namely, the extracellular domain, the transmembrane domain and the intracellular domain. The intracellular domain is also the EGFR-tyrosine kinase domain (7) . It is an important component for regulating tumor cell proliferation, invasion, angiogenesis, adhesion, metastasis and apoptosis. EGFR binds with its ligand in the extracellular domain (8) . This can produce an EGFR dimer and induce intracellular phosphorylation (8) . Thus, it can activate a series of downstream signaling pathways (9) . Of these, the phosphoinositide 3-kinase (PI3K) pathway is a canonical pathway. PI3K is the major downstream effector of receptor tyrosine kinase and G-protein coupled receptor (9) . It can produce activated serine/threonine protein kinase AKT and its downstream effector phospholipid. Consequently, it can transduce signals from all growth factors and cytokines to intracellular messenger (9) . This is closely associated with tumor cell proliferation and survival. EGFR is notably correlated with NSCLC. The downstream PI3K/AKT pathway that it activates is abnormally expressed in numerous tumors including breast cancer, prostate cancer and gastric cancer (10 (11) . Herein, our study further explored the molecular mechanisms of miRNA-223 in NSCLC.
Materials and methods

Patients.
We analyzed the prospectively collected data of NSCLC patients and healthy volunteers between March 2016 and May 2016 at the Tsinghua Changgung Hospital. The study was approved by Jining First People's Hospital. Basic data of all patients with NSCLC were collected and are documented in Table I . Ten milliliters of peripheral blood was centrifuged at 1,000 x g for 10 min at 4˚C, and serum was collected and saved at -80˚C. 
Cell proliferation assay and lactate dehydrogenase (LDH).
At 24, 48, 72 h after transfection, cell proliferation was measured using the MTT assay and incubation was carried out for 4 h at 37 ˚C. DMSO was added into the cells and then incubated for 20 min. Optical density (OD) value was read using a microplate reader (Bio-Rad Laboratories, Hercules, CA, USA) at 490 nm. LDH activity was measured using LDH activity kits (Beyotime Biotechnology, Co., Ltd., Shanghai, China). Optical density (OD) value was read using a microplate reader (Bio-Rad Laboratories) at 450 nm.
Cell apoptosis assay and caspase-3/9 activity assay. Seventy-two hours after transfection, apoptotic cells were stained with an Annexin V-FITC/PI double staining apoptosis detection kit (BD Biosciences, Franklin Lakes, NJ, USA). Apoptotic cells were assessed by flow cytometry (BD FACSCalibur, BD Biosciences).
At 72 h after transfection, cells were lysed in RIPA buffer (Beyotime Biotechnology, Co., Ltd.) and protein content was measured using BCA assay (Beyotime Biotechnology, Co., Ltd.). Equal amounts of protein were used to determine caspase-3/9 activity using a caspase-3/9 activity kit (Beyotime Biotechnology, Co., Ltd.). Optical density (OD) value was read using a microplate reader (Bio-Rad Laboratories) at 405 nm.
Dual luciferase reporter gene assay. EGFR and miRNA-223 plasmids were co-transfected into A549 cells using Lipofectamine 2000. Reporter gene assays were performed using the Dual Luciferase Reporter Assay kit (Promega, Madison, WI, USA) for 24 h.
Cell migration assay. A549 cells (5x10 5 cell/ml) were seeded on 24-well plates and were added to the upper chamber of each migration well, and 500 µl of DMEM with 10% FBS was added to the lower part for 16 h. Cells that migrated to the lower side were fixed with 75% ice-alcohol for 30 min and stained with 1% crystal violet solution for 1 h. A549 cells were fixed and counted under a fluorescence microscope (Axio version II, Carl Zeiss Inc., Oberkochen, Germany). Western blot analysis. Seventy-two hours after transfection, cells were lysed in RIPA buffer (Beyotime Biotechnology, Co., Ltd.) and protein content was measured using the BCA assay (Beyotime Biotechnology, Co., Ltd.). Equal amounts of protein (40 µg) were subjected to 8-12% SDS gel electrophoresis and transferred to a Amersham polyvinylidene difluoride membrane (GE Healthcare Life Sciences, Little Chalfont, UK). Western blot analysis was performed with anti-Bax (sc-6236, 1:500), anti-EGFR (sc-365829, 1:500), anti-PI3K (sc-7174, 1:500), anti-p-Akt (sc-135651, 1:500) and anti-GAPDH (sc-25778, 1:2000, Santa Cruz Biotechnology, Inc., Dallas, TX, USA) antibodies at 4˚C overnight. The membranes were incubated with appropriate horseradish peroxidase-conjugated secondary antibodies (1:2000, Santa Cruz Biotechnology, Inc.) for 1 h at room temperature and visualized with the chemiluminescent detection method using the SuperSignal West Pico Substrate (Pierce; Thermo Fisher Scientific, Inc.).
Statistical analyses. Data are expressed as mean ± SD. Data among groups were analyzed using one-way analysis of variance followed by a Tukey's post hoc test. P<0.05 was considered to indicate a statistically significant result.
Results
Serum levels of miRNA-223 in NSCLC patients. Gene chip shows that the serum levels of miRNA-223 in NSCLC patients were downregulated compared with the normal group (Fig. 1A) . Fig. 1B shows that the serum levels of miRNA-223 in NSCLC patients were downregulated compared with the normal group. Taken together, miRNA-223 may be an important strategy for the anticancer effect in NSCLC.
miRNA-223 affects the proliferation and migration of A549 cells. To confirm the function of miRNA-223, miRNA-223 expression was downregulated or upregulated using anti-miRNA-223 mimics or miRNA-223 mimics. As shown in Fig. 2A , miRNA-223 expression in A549 cells was significantly inhibited following transfection with the anti-miRNA-223 mimics compared with the control group. Downregulation of miRNA-223 expression significantly promoted the proliferation and migration of A549 cells compared with the negative group (Fig. 2B-D) . In contrast, miRNA-223 mimics significantly upregulated miRNA-223 expression in A549 cells, which significantly reduced cell proliferation and migration when compared with the negative group ( Fig. 2E-H) .
miRNA-223 affects the apoptosis and LDH activity in A549 cells. We subsequently found that miRNA-223 downregulation evidently reduced the apoptosis rate, LDH activity and caspase-3/9 activity in A549 cells compared with the control group (Fig. 3A-D) . Compared with the control group, the protein expression of Bax and cyclin D1 was markedly suppressed and induced by downregulation of miRNA-223 expression in A549 cells, respectively (Fig. 3E-G) . However, upregulation of miRNA-223 evidently increased the apoptosis rate, LDH activity and caspase-3/9 activity in the A549 cells compared with the control group (Fig. 4A-D) .
Compared with the control group, miRNA-223 upregulation significantly induced Bax protein expression and suppressed cyclin D1 protein expression in the A549 cells, respectively ( Fig. 4E-G) .
miRNA-223 affects EGFR, PI3K and p-Akt protein expression in A549 cells.
We determined whether miRNA-223 achieved its effects on NSCLC through the EGFR/PI3K/AKT pathway. Schematic representation of putative miRNA-223-binding sites in EGFR mRNA was found (Fig. 5A) . However, downregulation of the expression of miRNA-223 dramatically induced EGFR, PI3K and p-Akt protein expression in A549 cells compared with the control group ( Fig. 5B-E) . In comparison, upregulation of miRNA-223 significantly suppressed EGFR, PI3K and p-Akt protein expression in A549 cells compared with the control group ( Fig. 5F-I ).
There results indicate that miRNA-223 may be suppressed by the EGFR/PI3K/AKT pathway in NSCLC for its anticancer effects. examined the impact of EGFR on the anticancer effects of miRNA-223 on the apoptosis of A549 cells. Treatment with 300 nM of AG1478 (EGFR inhibitor) for 48 h notably suppressed EGFR, PI3K and p-Akt protein expression in the A549 cells following miRNA-223 transfection, compared with the miRNA-223 group (Fig. 6A-D) . Compared with the miRNA-223 group, EGFR inhibition evidently increased the anticancer effects of miRNA-223 on the induction of Bax protein expression and the suppression of cyclin D1 protein expression in A549 cells (Fig. 6E-G) .
EGFR inhibition increases the anticancer effects of miRNA-223 on EGFR protein expression in A549 cells. We next
EGFR inhibition increases the anticancer effects of miRNA-223 in A549 cells.
It was found that EGFR inhibition dramatically enhanced the anticancer effects of miRNA-223 in regards to inhibition of cell proliferation and migration (Fig. 7A-C) , while promoting apoptosis, LDH activity and caspase-3/9 activity in A549 cells (Fig. 7D-G) , compared with the miRNA-223 group. (Fig. 8D-F) . 
PI3K inhibition increases the anticancer effects of miRNA-
Discussion
Lung cancer is associated with high morbidity and poor patient prognosis (12) . It has become the leading major malignant tumor threatening the life and health of individuals worldwide (12) . Treatments for lung cancer include surgery, radiotherapy, chemotherapy and molecular-targeted therapy. Of these, surgical treatment exhibits the best efficacy on lung cancer (12) . Moreover, the overall postoperative 5-year survival rate has reached 46.4% (13) . The 5-year survival rates for stage I, II, III and IV patients are 58.6, 25.9, 16.8 and 3.9%, respectively. Surgical treatment has provided the greatest chance of healing for stage I and II patients (13) . However, 80% of Chinese patients with lung cancer are in the advanced stage at diagnosis. As a result, they are not suitable for surgical treatment. At present, chemotherapy-oriented comprehensive treatment has become an important therapeutic means for advanced NSCLC (14) . In recent years, it has been discovered that miRNAs are factors involved in cancer (15) . They have biological regulatory function. They are involved in biological processes such as cell division, proliferation, differentiation and development. Moreover, they exhibit functions that are similar to oncogenes and tumor-suppressor genes (16) . Thus, they play a vital role in tumor genesis and development (16) . Approximately 1/3 of human genes are regulated by miRNAs (16) . miRNAs display complicated biological functions during the genesis and development of lung cancer (17) . We first demonstrated that serum levels of miRNA-223 in NSCLC patients were downregulated; the downregulation of the expression of miRNA-223 increased cell proliferation and migration of A549 cells.
EGFR plays a regulatory role in tumor cell proliferation, differentiation and anti-apoptosis (6) . Its abnormal expression can promote tumor cell proliferation, adhesion, invasion and metastasis (6) . In addition, it induces tumor angiogenesis. Research indicates that expression of phosphorylated EGFR in NSCLC tissue is higher than that in para-carcinoma tissue (7) . This has revealed that high EGFR expression is closely related to the genesis and development of NSCLC (18) . Binding of EGFR with related ligands can activate the tyrosine signaling pathway and PI3K/AKT signaling pathway. Meanwhile, it can upregulate the expression of vascular endothelial growth factor (VEGF) and epidermal growth factor (EGF). Consequently, excessive activation of such pathways may enhance tumor cell proliferation, invasion and metastasis. Meanwhile, it inhibits cell apoptosis (18) . EGFR may activate the PI3K/AKT signaling pathway (19) . Our study reported that overexpression of miRNA-223 suppressed EGFR protein expression in A549 cells. It was demonstrated that miRNA-223 suppressed cervical cancer cell growth by targeting the EGFR/AKT2/ CCND1 pathway (11) . These results were in keeping with our results, and miRNA-223 suppressed EGFR protein expression to regulate the cell apoptosis of NSCLC.
Theoretically, any inhibitor for blocking expression of EGFR and PI3K/AKT signal pathway-related proteins can be used to treat NSCLC. The application of EGFR tyrosine inhibitor in NSCLC has ushered in a new horizon of targeted drug therapy aimed at the activated signaling pathway (20) . However, the expected efficacy cannot be achieved in NSCLC patients after applying EGFR tyrosine kinase inhibitor. PI3K inhibitor at the current stage mainly targets catalytic subunit P110 (20) . As reported in the literature, abnormality in the PI3K/AKT signaling pathway is related to tumor growth, maintenance and chemoresistance (20) . Therefore, inhibiting such a signaling pathway can reverse chemoresistance and poor prognosis induced by activation of this pathway (21) . At the same time, the combined application of a PI3K/AKT signaling pathway inhibitor and a traditional chemotherapeutic agent can enhance the chemotherapeutic effect and enhance radiotherapy sensitivity (22) . Our study showed that overexpression of miRNA-223 suppressed PI3K and p-Akt protein expression in A549 cells. It was previously found that miRNA-223 suppressed cervical cancer cell growth via targeting the EGFR/AKT2/CCND1 pathway (11) . Downregulation of miR-223 was also found to promote degranulation via the PI3K/Akt pathway by targeting IGF-1R in mast cells (23) , which demonstrated that the miRNA-223/EGFR/PI3K/Akt pathway regulates the cell growth of NSCLC.
In conclusion, for the first time, we revealed that overexpression of miRNA-223 increased the apoptosis of non-small cell lung cancer cells through the PI3K/AKT pathway by targeting EGFR (Fig. 10) . This study provides promising results supporting miRNA-223 as a novel antitumor candidate target for non-small cell lung cancer and has potential for further development as a single method for anticancer therapy.
